Objective To evaluate the clinical usefulness of complete preparticipation cardiovascular screening in a large cohort of sports participants. Design Cross sectional study of data over a five year period. Setting Institute of Sports Medicine in Florence, Italy. Participants 30 065 (23 570 men) people seeking to obtain clinical eligibility for competitive sports. Main outcome measures Results of resting and exercise 12 lead electrocardiography. Results Resting 12 lead ECG patterns showed abnormalities in 1812 (6%) participants, with the most common abnormalities (>80%) concerning innocent ECG changes. Exercise ECG showed an abnormal pattern in 1459 (4.9%) participants. Exercise ECG showed cardiac anomalies in 1227 athletes with normal findings on resting ECG. At the end of screening, 196 (0.6%) participants were considered ineligible for competitive sports. Among the 159 participants who were disqualified at the end of the screening for cardiac reasons, a consistent proportion (n=126, 79.2%) had shown innocent or negative findings on resting 12 lead ECG but clear pathological alterations during the exercise test. After adjustment for possible confounders, logistic regression analysis showed that age >30 years was significantly associated with an increased risk of being disqualified for cardiac findings during exercise testing. Conclusions Among people seeking to take part in competitive sports, exercise ECG can identify those with cardiac abnormalities. Follow-up studies would show if disqualification of such people would reduce the incidence of CV events among athletes.
INTRODUCTION
Preparticipation screening is the systematic practice of evaluating sports participants before competition to detect cardiovascular abnormalities and thus prevent sudden death or progression of disease. 1 2 In Italy, such screening constitutes an established medical programme that has been implemented for more than 25 years. 3 Over the past few decades, clinicians and experts have debated its clinical usefulness in identifying those at high risk. [4] [5] [6] Corrado et al recently showed a significant decrease in the incidence of sudden death in young Italian athletes who had undergonesuch screening. 7 The European Society of Cardiology and the International Olympic Committee, taking note of Italy's 25 years of experience, underlined the need for medical examination for young competitive athletes before they take part in organised sports programmes, 1 8 though the recently updated recommendations of the American Heart Association do not support this medical perspective. 2 We analysed data from the Institute of Sports Medicine in Florence, Italy, on cardiovascular evaluation, including resting and exercise electrocardiography, in a large unselected population of sports participants.
METHODS

Study population
The study population included 30 065 participants who were referred, during a five year period , to the Institute of Sports Medicine to obtain eligibility to take part in competitive sports. All participants were examined with first line investigations, as required under Italian law. 9 Since 1982, people participating in all officially sanctioned sports must undergo medical screening that includes personal and family history, physical examination, and resting and exercise 12 lead electrocardiography (ECG). 9 Additional tests are requested only for those with positive results in the initial evaluation and are performed by major hospitals or centres other than the institute. Criteria for positive family and personal history, physical examination, and ECGs are those established by Italian protocol and are reported elsewhere. 7 9 10 All participants gave written informed consent.
Statistical analysis
Statistical analysis was performed with SPSS (Chicago, IL, USA) software for Windows (version 13.0). Continuous variables were expressed as means and standard deviations (SD) for parametric data or median and range for non-parametric data. We used the non-parametric Mann-Whitney test for comparison between single groups, the Kruskal-Wallis test for comparison among different groups, and χ 2 to test comparisons between proportions. After adjustment for possible confounders (sex, age group (<30, 30-50, >50), body mass index (BMI), family history, systolic blood pressure, diastolic blood pressure, smoking habits (yes or no), heart rate, type of sport practised), we carried out logistic regression analysis to evaluate possible predictors of disqualification among athletes with a normal resting ECG pattern. P value <0.05 indicated significance.
RESULTS
Characteristics of the study population
The study population included 30 065 participants, with significantly (P<0.001) more men than women (23 570 (78.4%) v 6495 (21.6%)). The mean age was 30.7 (SD 14) , with a range of 5-92; 33 were aged over 80. Nearly 40% of the total study population were aged over 30, and 98% were white. Men were significantly older than women (28.4 v 24.6; P<0.001) and included a significantly higher proportion of smokers (13.2% v 10.3%; P<0.001). More than half of the participants were reported to have a sedentary job (56.2%), with no significant difference between men and women. Most people spent an average of four to six hours a week doing sports activities (50.9%), whereas the rest were reported to spend less than four or more than six hours a week (20.7% and 28.4%, respectively) taking part in sports.
Participants took part in over 30 different sporting disciplines, the main ones being football and volleyball (31.3% and 17.7%, respectively). Other leading sports were cycling (6.7%), athletics (5.9%), and basketball (5.8%) among men and swimming (6.5%), athletics (6%), and gymnastics (4.2%) among women.
Personal and family history indicated cardiac abnormalities in less than 0.5%, whereas physical examination reported pathological findings in about 3%.
Resting 12 lead electrocardiography Abnormalities on resting ECG were present in 1812 (6%) participants, 1570 (6.7%) men and 242 (3.7%) women (P<0.001) (table 1). The most common abnormalities were sinus bradycardia (2.9%) and complete (1.1%) or incomplete (0.7%) right bundle branch blocks, which, together with the type I atrioventricular block and early polarisation pattern, can be considered as innocent modifications that occur in the "athlete's heart." These abnormalities accounted for over 80% of the total anomalies (n=1464). A distinctly abnormal pattern was found in the remaining participants (348; 1.2%), the most common being ST-T segment alterations and premature ventricular and supraventricular beats. There was a higher prevalence of innocent ECG changes in men than in women, with the exception of type I atrioventricular block. With regard to age, participants with reported ECG abnormalities were significantly older than those with a normal ECG pattern (31.1 (SD 13.8) v 29.1 (SD 13.1), P<0.001). Almost half of the population with ECG irregularities comprised participants aged 30-50 (46.9%), with the remaining portion mostly being those aged under 30 (33.6%).
Exercise 21 lead electrocardiography
All participants underwent exercise ECG (table 1) , and abnormalities were found in 1459 (4.9%), with a higher prevalence in women than men (521 (8%) v 938 (3.9%)). Those with abnormalities were significantly older than those with normal patterns (30.9 (SD 12.1) v 24.9 (SD 9.9), P<0.001), and an equal proportion (48.9%) were aged over 30. The most prevalent anomalies were premature ventricular and supraventricular beats, accounting for over 65% of the total abnormalities, with a significantly higher prevalence among women than men (P<0.001). The remaining abnormalities comprised non-sustained and sustained ventricular tachycardia, ST-T segment alterations, and cardiac conduction disorders. Notably, only 232 (12.8%) participants with abnormalities on resting ECG also showed these abnormalities on exercise ECG, but exercise ECG showed cardiac anomalies in 1227 participants (939 men; 288 women; mean age 30.7 (SD 11.9)) in whom resting ECG had shown a normal pattern. In particular, the most prevalent cardiac abnormalities found on stress testing comprised findings suggestive of coronary heart disease and arrhythmias.
Eligibility and screening After screening, 196 (0.6%) people were considered ineligible to take part in competitive sports (182 (0.7%) men and 14 (0.2%) women; mean age 37 (SD 12.3)). In total 159 (81.6%) athletes were disqualified because of cardiac abnormalities, and 37 were disqualified for other reasons (table 2) .
By analysing disqualifications according to abnormalities found at resting and exercise ECG, we found that, among the 159 participants disqualified because of cardiac abnormalities, personal history or physical examination, or both, had suggested problems in only six (3.7%) and a large proportion (126, 79.2%) had a normal pattern on resting ECG. Conversely, almost all the disqualified participants showed some cardiac abnormalities during the exercise ECG. Indeed, in 56 participants with a normal resting ECG, exercise testing showed some potentially fatal cardiac disorders such as arrhythmias and coronary heart disease that resulted in disqualification from competition. Finally, we performed a logistic regression analysis to investigate possible predictors of disqualification among the group of participants with a normal resting ECG. After adjustment for possible confounders we found that the risk of being disqualified increased significantly with age. Participants aged over 30 had a significantly increased risk of showing cardiac abnormalities on exercise ECG, thus resulting in disqualification from competition (table 3) .
DISCUSSION
Findings from this cross sectional study, although only preliminary and not supported by follow-up analyses, support the inclusion of resting and exercise ECGs to detect cardiac abnormalities such as ventricular and supraventricular arrhythmias and coronary heart disease among people taking part in competitive sports, especially those who are middle aged and older. A consistent proportion of people disqualified for cardiac disorders showed innocent or negative findings on resting 12 lead ECG but clear pathological alterations on exercise ECG.
Over the past few decades, there has been increasing interest in the role of cardiovascular screening to identify potentially fatal cardiac disorders among athletes before they take part in competitive sports. 1-7 11 12 Routine use, however, is far from accepted and still raises several important unresolved questions of ethical and practical importance. First of all, the clinical importance of changes in the athlete's heart on ECG is not fully established. In our analysis, as in previous studies, 12 the most prevalent abnormalities on resting ECG were typical of an athlete's heart. In this scenario, the implementation of ECG screening would probably result in a large number of borderline and false positive results, leading to additional tests to resolve the clinical ambiguity, worry and emotional stress for the participants, and considerable financial costs. On the other hand, some participants with innocent abnormalities showed a clear pathological pattern on exercise ECG, resulting in disqualification from competition. This is in line with results of Pelliccia et al, who recently showed that an abnormal repolarisation pattern, generally regarded as an innocent consequence of athletic conditioning, might represent the initial expression of underlying disease, thus meriting further clinical consideration. 13 The cost of such a programme is also important. In Italy it costs an estimated €30 (£24, $47) per participant. The implementation of such a programme would definitely result in additional costs for the National Health Service and for the population as a whole. Nevertheless, decreasing the risk of sudden death among competitors is extremely important as it has a considerable impact on both lay and medical communities because of the broadly held view that athletes constitute the healthiest people in society.
Limitations
Because of the observational design of this study, we were unable to show if these clinical evaluations are effective in reducing the risk of mortality or incidence of cardiac accidents in sports participants. Only a prospective analysis of these data will help us to test this hypothesis. None the less, some previous studies have reported on the clinical efficacy of such cardiovascular screening on reducing sudden death among athletes. 7 11 13 Moreover, results of second line investigations in participants with a positive screening result are not available, making it difficult to interpret the real diagnostic power of baseline and exercise ECGs, as well as the important matter of false positive results.
Our study, however, provides relevant information especially for middle aged and elderly people participating in sports, and shows a significant prevalence of some potentially fatal cardiac diseases such as coronary heart disease and hypertension. 
INTRODUCTION
Several studies have shown an inverse association between muscular strength and all cause mortality, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] but most had limitations. We examined the importance of muscular strength as a predictor of death from all causes, cardiovascular disease, and cancer in a cohort of men. We also examined the association of muscular strength and cardiorespiratory fitness with mortality risk.
METHODS
Between 1980 and 1989, 10 265 men received a medical examination and muscular strength test and were enrolled in the aerobics centre longitudinal study. They were periodically examined. The death rate for the subgroup of men in this analysis is not significantly different from the overall cohort adjusted for age, risk factor, health status, and family history. Participants performed a maximal graded treadmill test to assess their cardiorespiratory fitness. After exclusions, 8762 predominantly white, well educated, men aged 20-82 from the middle and upper socioeconomic strata were followed up from the date of the baseline examination until the date of death or 31 December 2003. Mortality surveillance was by the National Death Index. 14 The clinical examination and measures of muscular strength and cardiorespiratory fitness are described elsewhere. [15] [16] [17] Briefly, the baseline examination included a physical examination and measurements of body mass index, systolic and diastolic blood pressure, and concentrations of total and high density lipoprotein cholesterol, triglycerides, and glucose. Participants completed a questionnaire on medical history, including myocardial infarction, stroke, hypertension, diabetes, or cancer; a family history of This article is an abridged version of a paper that was published on bmj.com. Cite this article as: BMJ 2008;337:a439 cardiovascular disease or cancer; smoking status; alcohol intake; and physical activity.
We assessed muscular strength in the upper and lower body using a standardised strength testing protocol of variable resistance. Upper body strength was assessed with a one repetition maximum bench press and lower body strength with a one repetition maximum leg press. We computed a score for muscular strength by combining the standardised values of bench and leg presses (see bmj.com). We calculated the score separately for each age group (20-29, 30-39, 40-49, 50-59, and ≥60). The score for muscular strength was calculated as the mean of the two standardised scores (bench and leg presses). For analysis we used thirds of the age specific composite strength score.
We assessed cardiorespiratory fitness by a maximal treadmill test using a modified Balke protocol. 15 18 Most participants achieved maximal effort. We estimated maximal metabolic equivalents from the final treadmill speed and grade. 19 We dichotomised cardiorespiratory fitness as unfit and fit corresponding to the lower 20% and upper 80% of the age specific distribution of treadmill exercise duration in the overall population of the aerobics centre longitudinal study. [20] [21] [22] [23] [24] We computed person years of exposure as the sum of follow-up time among decedents and survivors.
Statistical analysis
We calculated the baseline characteristics of the study population by vital status and thirds of muscular strength. Differences in covariates were tested using Student t tests, χ 2 tests, and F tests. We used Cox proportional hazards regression to estimate hazard ratios, 95% confidence intervals, and deaths per 10 000 person years of follow-up, according to exposure categories. We adjusted multivariable analyses for age (model 1); for age, physical activity, smoking, alcohol intake, body mass index, baseline medical conditions (hypertension, diabetes, or hypercholesterolaemia), and family history of cardiovascular disease (model 2); and after further adjustment for cardiorespiratory fitness (model 3). To determine differences by age and body mass index, we examined muscular strength and mortality in younger men (<60) and older men (≥60) and in men of normal weight (18.5-24.9 kg/m 2 ) and overweight men (≥25 kg/m 2 ). Finally, we examined the combined effects of muscular strength and cardiorespiratory fitness on all cause mortality by creating six categories for combinations of strength and fitness on the basis of thirds of muscular strength, which we dichotomised in to fit and unfit groups. We compared the effect of each combination group (see bmj.com) with the referent group (low strength, unfit). We calculated two sided P values and we considered those <0.05 as significant.
RESULTS
During an average follow-up of 18.9 years and 165 251 person years of observation 503 (5.7%) deaths occurred: 145 (28.8%) from cardiovascular disease and 199 (39.6%) from cancer. Muscular strength, exercise duration, and maximal metabolic equivalents were significantly higher in survivors than in decedents. A direct gradient of treadmill test
Rates and hazard ratios for mortality in men from all causes, cardiovascular disease, and cancer by thirds of muscular strength Mortality (third) No of deaths duration across thirds of muscular strength was observed. Age, body mass index, blood pressure, and levels of total cholesterol, triglycerides, and glucose were higher in decedents and in those with lower levels of muscular strength. All cause mortality was 1.50 (38.9/25.9) and 1.46 (38.9/26.6) times greater for those in the lowest third of muscular strength than for those in the middle and upper thirds of muscular strength (table). The differences for death from cardiovascular disease were 1.83 (12.1/6.6) and 1.59 (12.1/7.6) times greater, and for death from cancer were 1.45 (6.1/ 4.2) and 1.24 (6.1/4.9) times greater. The age adjusted results of model 1 showed a notably declining risk of death from all causes, cardiovascular disease, and cancer across incremental thirds of muscular strength (P<0.01 for linear trend). After the additional adjustments (model 2), risks of death from all causes and cancer remained progressively lower with higher levels of muscular strength (P<0.05), whereas the association between muscular strength and death from cardiovascular disease was attenuated (P=0.08). After further adjustment for cardiorespiratory fitness the association between muscular strength and risks of death from all causes or cancer remained significant (P<0.05), whereas the association between muscular strength and risk of death from cardiovascular disease was no longer statistically significant (P=0.23).
Strong statistical evidence existed of an interaction between muscular strength and age in predicting death from all causes and cancer (see bmj.com) but weak evidence of an interaction between muscular strength and body mass index in predicting such deaths (see bmj.com). A significant inverse gradient was found for death from all causes and cancer across incremental thirds of muscular strength within each age group (P<0.05 for linear trend). Across age strata, those in the lowest third of muscular strength had a 1.4-fold to 2.2-fold and 1.5-fold to 4.3-fold higher rates of mortality from all causes and cancer than those in the upper third of muscular strength. Muscular strength also was inversely associated with all cause mortality in men of normal weight and overweight men (P<0.05) and with cancer mortality in overweight men (P=0.03; see bmj.com). Across incremental thirds of muscular strength, age adjusted total death rates per 10 000 person years were 32.9, 25.6, and 20.7 in men of normal weight (P=0.009) and 42.1, 26.2, and 33.8 in overweight men (P=0.046).
The death rate in unfit men with the lowest muscular strength was the highest among the six muscular strength and cardiorespiratory fitness categories (see bmj.com). The adjusted death rate per 10 000 person years was inversely related to muscular strength within the fit cardiorespiratory fitness group (P=0.008), and inversely related to cardiorespiratory fitness within the lowest third (P=0.003) and middle third (P=0.03) of muscular strength.
DISCUSSION
Muscular strength was significantly and inversely associated with risk of death from all causes and cancer after controlling for potential confounders, including cardiorespiratory fitness. The inverse association was consistent in strata of age (<60, ≥60) and body mass index (18.5-24.9 kg/m 2 , ≥25 kg/ m 2 ). Muscular strength was significantly and inversely associated with risk of cardiovascular death after controlling for age, yet the association was attenuated once other potential confounders were entered in the model and was not significant after further adjustment for cardiorespiratory fitness. The age adjusted death rate in men with high levels of both muscular strength and cardiorespiratory fitness was 60% lower (P<0.001) than the death rate in unfit men with the lowest levels of muscular strength.
Muscular strength and cardiorespiratory fitness were moderately correlated, suggesting that the association between muscular strength and risk of death from cancer works at least partially through different mechanisms than those associated with the protective effects of cardiorespiratory fitness. In this cohort the number of deaths from cardiovascular disease was lower than that from cancer (145 and 199). This may have reduced the statistical power to detect a significant independent association between muscular strength and risk of death from cardiovascular disease.
Muscle fibre type and configuration has a genetic component and influences strength, yet it is clear that resistance type physical activities are major determinants of muscular strength. 25 26 We have reported a strong and positive association between the frequency of self reported resistance exercise and maximal muscular strength in men. 17 Results from intervention studies indicate that resistance training enhances muscular strength and endurance, muscle mass, functional capacity, daily physical activity, risk
WHAT IS ALREADY KNOWN ON THIS TOPIC
Cardiorespiratory fitness provides strong and independent prognostic information about the overall risk of illness and death Most prospective studies examining the association between muscular strength and death have had limitations
WHAT THIS STUDY ADDS
Muscular strength in major muscle groups is independently associated with death from all causes and cancer in men aged These findings are valid for those who are normal weight or overweight, younger or older, and even after adjusting for a number of potential confounders including cardiorespiratory fitness Muscular strength seems to add to the protective effect of cardiorespiratory fitness against the risk of death in men profile for cardiovascular disease, and quality of life. 25 These factors are well known predictors of higher risk of mortality. We observed an inverse association between muscular strength and risk of death from all causes and cancer in older men (≥60) and younger men (<60).
We showed an inverse association between muscular strength and risk of death from all causes and cancer in overweight and obese men, as well as between muscular strength and risk of all cause mortality in those of normal body weight.
Strengths and limitations
Although our findings applied to well educated white men of middle to upper socioeconomic status we have no reason to believe that the benefits of muscular strength would be different in other ethnic or socioeconomic groups. Values for blood pressure and cholesterol levels, body weight, and cardiorespiratory fitness from participants in the aerobics centre longitudinal study were similar to those reported in two population based studies in North America. 15 No detailed information about drug use or diet was available, which may have biased the results through residual confounding. It seems unlikely, however, that these factors would account for all of the observed association between muscular strength and mortality.
A major strength of this study was the inclusion of objective and standardised maximal tests for muscular strength and cardiorespiratory fitness using reliable measurement protocols in a large cohort of men with extensive follow-up. Moreover, participants were healthy enough to achieve at least 85% of aged predicted maximal heart rate during the treadmill test.
Conclusions
Muscular strength seems to add to the protective effect of cardiorespiratory fitness against the risk of death in men. It might be possible to reduce all cause mortality among men by promoting regular resistance training involving the major muscle groups of the upper and lower body two or three days a week. 25 We thank the doctors and technicians at the Cooper Clinic who collected the baseline data and staff at the Cooper Institute for data entry and data management. 
ABSTRACT
Objective To investigate whether a neuromuscular training programme is effective in preventing non-contact leg injuries in female floorball players.
Design Cluster randomised controlled study.
Setting 28 top level female floorball teams in Finland.
Participants 457 players (mean age 24 years)-256 (14 teams) in the intervention group and 201 (14 teams) in the control group-followed up for one league season (six months).
Intervention A neuromuscular training programme to enhance players' motor skills and body control, as well as to activate and prepare their neuromuscular system for sports specific manoeuvres.
Main outcome measure Acute non-contact injuries of the legs.
Results During the season, 72 acute non-contact leg injuries occurred, 20 in the intervention group and 52 in the control group. The injury incidence per 1000 hours playing and practise in the intervention group was 0.65 (95% confidence interval 0.37 to 1.13) and in the control group was 2.08 (1.58 to 2.72). The risk of non-contact leg injury was 66% lower (adjusted incidence rate ratio 0.34, 95% confidence interval 0.20 to 0.57) in the intervention group.
Conclusion A neuromuscular training programme was effective in preventing acute non-contact injuries of the legs in female floorball players. Neuromuscular training can be recommended in the weekly training of these athletes.
Trial registration Current Controlled Trials ISRCTN26550281.
INTRODUCTION
Studies have shown a reduced risk of ankle and knee injuries among athletes using a neuromuscular training programme, [1] [2] [3] [4] [5] [6] [7] whereas some intervention studies have found no such reduction. 8 9 The methodological quality o f t h e i n t e r v e n t i o n s h a s , h o w e v e r , be e n heterogeneous. 10 Floorball, a hockey type sport played indoors, has become popular in Europe. The sport results in many injuries, with the knee and ankle joints most commonly affected [11] [12] [13] [14] ; 59% of acute ankle injuries and 46% of acute knee injuries occur through non-contact situations.
14 We investigated whether a neuromuscular training programme could reduce the risk of acute noncontact leg injuries in female floorball players.
METHODS
Of 477 players from 28 floorball teams that agreed to participate, 457 were eligible for the study. Using the team as the unit of randomisation we carried out stratified cluster randomisation to the intervention and control groups at league level. The statistician (MP) who carried out the computer generated randomisation was not involved in the intervention.
We informed the teams allocated to the intervention group about the training programme. Teams in the control group were asked to continue with usual training.
The neuromuscular training programme took place over six months. At the start of the intervention period we educated one or two team members from each intervention group on use of the programme. Each intervention team was provided with an instruction booklet, equipment (see bmj.com), and exercise diary. During the intervention period the instructors kept a diary of the content and duration of each session and number of participants.
The programme was designed to enhance players' motor skills and body control and to prepare the neuromuscular system for sports specific manoeuvres. The programme consisted of running techniques, balance and body control, plyometrics, and strengthening exercises (see bmj.com). The main point of each exercise was to focus on proper techniques. The aim of the training was to improve control of the back, knees, and ankles during sports specific manoeuvres.
The training sessions, lasting 20-30 minutes, were carried out just before the floorball exercises. During the floorball season training was divided into two intensive training periods (neuromuscular training twice or three times weekly) and two maintenance training periods with one training session (weekly). Intensive training took place at the start of the season and during the break from games in December. Over the competitive season the exercises were followed through with maintenance training.
The primary outcome was an acute leg injury that occurred in non-contact circumstances. A secondary outcome was any injury to the legs. We defined an injury as acute if it occurred during a scheduled game or practice, preventing the player from practising for 24 hours. The severity of injuries was defined as minor (absence from practise for 1-7 days), moderate (absence for 8-28 days), and major (absence for >28 days). 15 This article is an abridged version of a paper that was published on bmj.com. Cite this article as: BMJ 2008;337:a295.
Data collection
At baseline, players completed a questionnaire on background information. During follow-up coaches recorded the players' scheduled practice and game hours in a diary and noted injured players. Injuries were recorded by players using a structured questionnaire, including the time, place, cause, type, location, and severity of the injury. After each followup month the coaches mailed the diaries and questionnaires to the study doctor (TM). She contacted players after each new injury and checked the accuracy of the data but was not involved in the intervention.
Statistical analysis
We expressed the incidence (95% confidence interval) of injury as the number of injuries per 1000 hours of floorball practise and play. One way analysis of variance was used to estimate the intracluster correlation coefficients of incidence rates for injury. The unadjusted and adjusted incidence rate ratio between the two groups (intervention v control) was obtained from two level Poisson regression models. We considered a P value <0.05 to be significant. In the data analysis by multilevel modelling we took the cluster randomisation into account. Adjustments were done at individual and team levels. We did analyses according to the intention to treat principle. In addition to the intention to treat analyses, we carried out efficacy analyses to evaluate the potential benefits of high compliance (training at least three times a week during the first intensive period, at least twice a week during the second intensive period, and at least once a week during the maintenance periods) and adherence to training.
RESULTS
See bmj.com for the flow of participants through the study. The consent rate was high (86% of players from 28 teams) and the dropout rate low (5%). Twenty one players dropped out during the study period because of severe injury: nine from the intervention group (eight knee ligament ruptures and one rotator cuff rupture of the shoulder) and 12 from the control group (six knee ligament ruptures, four ankle ligament ruptures, and one lumbar disc prolapse). Data from these players were included in the analyses for the time they participated.
Players in both groups were similar for age, body mass index, experience of floorball, and hours spent in training and play (see bmj.com). No significant differences were found between the groups in number of previous injuries, operations, or preseason training volume. Five teams (36%) in the intervention group used the training programme according to schedule, six (43%) had some irregularities, and three (21%) interrupted training. A mean 74% of the intended training sessions was carried out as planned.
Participation in the intervention during the first intensive and maintenance periods was more active than during the second periods (see bmj.com).
Injury incidence
Overall, 32 327 scheduled hours of training and play and 87 leg injuries were reported for the intervention group compared with 25 019 hours of training and play and 102 leg injuries in the control group.
Significantly fewer non-contact leg injuries (adjusted incident rate ratio 0.34, 95% confidence interval 0.20 to 0.57, P<0.001; table) occurred in the intervention group than in the control group. The overall risk of leg injury was significantly different between the groups, favouring the intervention (adjusted incidence rate ratio 0.70,0.52 to 0.93, P=0.016). This difference was due to a reduction in non-contact leg injuries. The intervention group experienced six ruptures of the anterior cruciate ligament (three non-contact injuries) compared with four in the control group (three noncontact injuries).
In efficacy analysis, intervention teams with high compliance and adherence to the programme had a lower risk of injury than the control group: the incidence rate ratio between the high compliance group and control group for non-contact leg injury was 0.19 (95% confidence interval 0.06 to 0.64, P=0.007), for non-contact ankle ligament injury was 0.19 (0.05 to 0.82, P=0.026), and for non-contact knee ligament injury was 0.32 (0.04 to 2.59, P=0.284).
DISCUSSION
A neuromuscular training programme was effective in preventing acute non-contact leg injuries in female
Number and incidence (per 1000 practise and playing hours) of acute non-contact leg injuries and incidence rate ratio for female floorball players receiving neuromuscular training (intervention group) or usual training (control group) floorball players. The programme reduced the risk of leg injuries by 66%. The intervention focused on improving the players' motor skills and body control and preparing the neuromuscular system for sports specific manoeuvres. Compared with the control group that continued usual training, the intervention group had significantly fewer injuries. A reduced injury rate was found overall for leg injuries as well as for acute non-contact leg injuries. The greatest effects were observed in non-contact injuries of the ankle ligament. Some studies have indicated that neuromuscular training probably plays a crucial part in the prevention of injuries [1] [2] [3] [4] [5] [6] [7] and this intervention study supports these findings. In one study a multiple training programme for six weeks in high school teams reduced the rate of serious knee ligament injuries as well as the rate of noncontact knee ligament injuries. 2 Another study showed that structured warm-up among young handball players reduced the risk of traumatic knee and ankle injuries and the overall risk for severe and non-contact injuries. 6 We found similar reductions in the risk of non-contact leg injuries. The 51% reduction in noncontact knee ligament injuries did not reach significance, but the trend was parallel to that of overall noncontact leg injuries.
Strengths and limitations
The potential for not achieving double blinding in this type of study limits the strength of the conclusions. The randomisation phase and data collection and analysis were blinded, but the coaches and players could not be blinded. The sample size was sufficient for analyses of non-contact leg injuries but too small for detailed analysis of anatomical subgroups.
The validity of the data was high as 86% of eligible players participated. In addition, both groups were similar for baseline characteristics, dropout rate, and training and play during follow-up. Compliance in collecting data on exposure and injuries was also good.
The programme was a modified combination of interventions from previous studies, and the exercises were easy to learn. It was designed to reduce the incidence of acute non-contact leg injuries, although contact injuries are common in floorball. 14 Five teams (36%) from the intervention group carried out the programme regularly, six (43%) had irregularities, and three (21%) interrupted training. On the basis of information in the exercise diaries and players' subjective estimation of participation, it seemed that training activity was highest during the first two training periods, after which it declined. The intervention teams were included in analyses regardless of training activity and therefore the effect of the programme might be higher than reported. The efficacy analysis confirmed that the risk of injury was lower among teams that trained regularly.
Although severe knee ligament injuries, particularly injuries of the anterior cruciate ligament, are of concern in floorball, we could not analyse the effect of the warmup programme because there were too few such cases. None of these ruptures occurred among the five teams that trained regularly.
Training among controls who already did exercises similar to those of the programme did not reach the level of the intervention group. If this biased the results of the study it erred on the side of underestimating the effect of the training on risk of injury.
This intervention study focused on women floorball players in three top level leagues in Finland. Because floorball players have a similar pattern of leg injuries and injury mechanisms, the training programme could be effective for a range of floorball players.
We thank the players, coaches, and instructors of each participating team, the physiotherapists who participated, and the Finnish Floorball 
WHAT THIS STUDY ADDS
A neuromuscular training programme to enhance the motor skills and body control of female floorball players reduced the risk of leg injury by 66%
The risk of non-contact ankle and knee ligament injury could be reduced by 65%
Neuromuscular training is recommended to be included in the weekly training programme of floorball Secular decline in mortality from coronary heart disease in adults with diabetes mellitus: cohort study confidence interval 39% to 55%) and among women aged 70-79 from 6.84 to 2.68 (62%, 52% to 70%). Among the same age group with diabetes, deaths per 1000 person years in men declined from 38.97 to 17.89 (54%, 32% to 69%) and in women from 28.15 to 11.83 (59%, 37% to 73%). The reduction was more noticeable in age groups younger than 70 at baseline, and less pronounced among people aged 80 or more. Mortality from coronary heart disease was more than twofold higher in people with than without diabetes, with a slightly stronger association in women. The difference in mortality by diabetes status remained almost unchanged from the first to the second survey.
Conclusion The strong general reduction in mortality rates from coronary heart disease from the first to the second follow-up period also benefited people with diabetes, but the more than twofold higher mortality from coronary heart disease associated with diabetes persisted over time.
INTRODUCTION
Compared with the general population, people with diabetes have a 2-4-fold higher mortality from coronary heart disease. 1 Studies have also shown a secular decline in such mortality in people with diabetes. [2] [3] [4] [5] We compared mortality rates from coronary heart disease over two consecutive nine year periods in adults who reported diabetes in the 1980s and 1990s. We also studied such mortality among adults without diabetes.
METHODS
Two population surveys were carried out in NordTrøndelag county, Norway: the first in 1984-6 and the second in 1995-7. Overall, 74 977 (88.1%) adults participated in the first survey and 66 140 (71.2%) in the second survey.
Participants in the first survey completed a questionnaire and were measured for blood pressure, pulse, body weight, and height. 6 We included 74 914 people (2100 with diabetes) with data on body weight, height, blood pressure, and diabetes status. Participants in the second survey completed a more comprehensive questionnaire. 7 We included 64 829 people (1951 with diabetes) with data on body weight, height, blood pressure, and diabetes status.
From the baseline questionnaire we collected information on prevalent diabetes and history of cardiovascular disease. We defined those who responded positively to the question "Do you have or have you had diabetes?" to have diabetes.
Body mass index was calculated. We defined hypertension as a blood pressure of 140/90 mm Hg or more or as current use of antihypertensives. Exercise reported in the first survey was divided into no regular exercise, once weekly, and twice or more weekly. Exercise reported in the second survey was categorised as no regular exercise, 2-3 hours of light weekly activity, three hours of light activity or one hour of hard activity weekly, and more than one hour of hard activity weekly. Participants self reported smoking status: current, former, or never smokers. We dichotomised education according to duration (<13 years or ≥13 years).
We obtained causes of death by linking data from both surveys to the Causes of Death Registry at Statistics Norway. For the follow-up of mortality we calculated person time from the date of participation at baseline (1984-6 for first survey, 1995-7 for second survey) until date of death from coronary heart disease This article is an abridged version of a paper that was published on bmj.com. Cite this article as BMJ 2008;337:a236. or other causes, or until the end of follow-up at 31 December 1993 for the first survey or 31 December 2004 for the second survey.
Statistical analysis
We calculated age specific mortality rates from coronary heart disease among men and women with and without diabetes during nine consecutive years of follow-up after the first survey and the second survey. A Mantel-Cox comparison was used to calculate mortality rate ratios (95% confidence intervals) between the two follow-up periods by sex, age group, and diabetes status.
We also estimated hazard ratios (95% confidence intervals) of mortality from coronary heart disease between people with and without diabetes. The analysis was done separately for each follow-up period for the whole population and stratified by sex, using Cox regression analysis. Analyses were adjusted for age, body mass index, hypertension status, smoking status, exercise level, and education. We tested for statistical interaction between study period and prevalence of diabetes in relation to mortality from coronary heart disease during follow-up. Departure from the proportional hazards assumption was evaluated using graphical procedures (log-log plots).
RESULTS
In men the prevalence of diabetes was higher in the second survey than in the first survey, whereas in women the prevalence of diabetes did not increase over time (see bmj.com). Among those with diabetes the mean body mass index was about two units higher in the second survey. Among those without diabetes the mean body mass index was about one unit higher in the second survey. Systolic blood pressure in the second survey was generally lower in all groups, with the greatest reduction in people with diabetes. A lower proportion of men but higher proportion of women reported current smoking in the second survey.
Overall, 15 365 people died (see bmj.com). The proportion of deaths from coronary heart disease among people with diabetes at baseline decreased from the first to the second survey (men, 19.7% to 10.3%; women, 18.2% to 8.2%). Among people without diabetes at baseline, a similar reduction occurred in the proportion of deaths caused by coronary heart disease from the first to the second survey (men, 4.6% to 2.4%; women, 2.4% to 1.2%).
Among people without diabetes, mortality rates from coronary heart disease were substantially lower during the follow-up period after the second survey (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) than after the first survey (1984-93), and among men the reduction in mortality rates was more pronounced in younger age groups (table). Thus in people aged 70-79 and without diabetes at baseline the mortality rate from coronary heart disease in men declined from 16.38 to 8.79 deaths per 1000 person years (reduction 48%, 95% confidence interval 39% to 55%) and in women declined from 6.84 to 2.68 deaths Mortality rates from coronary heart disease after nine years' follow-up of both first and second surveys of Nord-Trøndelag health study, and mortality rate ratios from coronary heart disease after second versus first survey per 1000 person years (reduction 62%, 52% to 70%). In people aged 70-79 and with diabetes at baseline the mortality rate from coronary heart disease in men declined from 38.97 to 17.89 deaths per 1000 person years (reduction 54%, 32% to 69%) and in women declined from 28.15 to 11.83 deaths per 1000 person years (reduction 59%, 37% to 73%). The reduction in mortality was stronger in age groups younger than 70 at baseline and less pronounced in those aged 80 or more (table) . Mortality rates in women generally resembled those in men about 10 years younger. The higher mortality associated with diabetes was roughly the same for both follow-up periods (adjusted hazard ratio 2.48, 95% confidence interval 2.19 to 2.81 v 2.24, 1.91 to 2.64). In sex specific analyses, the association of diabetes with mortality from coronary heart disease was slightly stronger in women than in men for both follow-up periods. Thus the hazard ratios for women with diabetes at baseline compared with those without diabetes at baseline were 2.87 (2.39 to 3.44) after the first survey and 2.71 (2.12 to 3.47) after the second survey. In men the corresponding values were 2.16 (1.81 to 2.57) and 1.95 (1.57 to 2.42; see bmj.com).
DISCUSSION
We found a strong and general decline in mortality rates from coronary heart disease irrespective of age, sex, and diabetes status during two consecutive nine years of follow-up after the first and second surveys of the Nord-Trøndelag health study. Throughout the two periods mortality from coronary heart disease in people with diabetes at baseline was more than twofold higher than in those without diabetes at baseline.
As with other studies we found that people who reported diabetes in the most recent cohort (second survey) were on average younger 8 9 and the prevalence of diabetes was higher than in the cohort from the first survey. Hypertension was more prevalent in people with diabetes, which might partly explain the increased risk for coronary heart disease associated with diabetes. [10] [11] [12] The prevalence of hypertension decreased from the first survey to the second, but in the second survey still more than half the population with diabetes had hypertension. This suggests that antihypertensive treatment in people with diabetes could have improved during the past decades and that people with diabetes could have benefited both in relation to cardiovascular complications and cardiovascular death.
From the first survey to the second the prevalence of obesity increased in all groups but was more noticeable in men. Obesity was twice as prevalent in people with diabetes and more prevalent in women with diabetes than in men with diabetes. Obesity increases the risk for diabetes, [13] [14] [15] [16] [17] and obesity, alone or with diabetes, moderately increases the risk of mortality from coronary heart disease. 18 It would therefore be expected that the higher prevalence of obesity in the second survey would yield a slightly higher risk of fatal coronary heart disease than after the first survey. We, however, found the opposite: women with diabetes showed the largest reduction in mortality rates from the first to the second survey. This could have several explanations. A sharp increase in body mass index has occurred in recent years and follow-up in our study may not be sufficiently long to capture the influence of the general weight gain. Also, more effective medical treatment 13 19 20 after the second survey may have resulted in lower blood pressure and lower prevalence of other risk factors 10 and could have outweighed the relatively weak 18 effect of obesity. The proportion of men who were current smokers decreased between surveys, irrespective of diabetes status, whereas the proportion of women who were current smokers increased. Smoking status therefore cannot explain the decline in fatal coronary heart disease among women with diabetes in this study.
People with diabetes have a higher burden of risk factors for cardiovascular disease than those without diabetes. Despite adjustment for conventional risk factors, 21 our results showed that people with diabetes still had more than a twofold higher mortality from coronary heart disease.
Other studies have also shown that mortality from coronary heart disease has decreased over the past decades, and it seems that patients with diabetes have also benefited from this reduction. [2] [3] [4] [5] We found a reduction in mortality rates over time for both men and women with diabetes, and our results agree with those of others. 3 4 22 23 In our study a particularly noticeable reduction in mortality from the first follow-up period to the second follow-up occurred in younger age groups. This could reflect age as a dominant factor but also that elderly people receive less intensive prevention. 24 It is possible that both incidence and case fatality from cardiovascular disease could have been reduced as a result of better primary prevention and more effective treatment, and that people with prevalent cardiovascular disease now experience longer survival than before.
The awareness of the higher cardiovascular risk associated with diabetes and impaired glucose tolerance has probably intensified cardioprotective treatment in these patients. Lower mortality may be a result
WHAT IS ALREADY KNOWN ON THIS TOPIC
Mortality rates from coronary heart disease have declined in the Western world during the past 30 years, most rapidly from the mid-1980s
People with diabetes have a 2-4-fold higher mortality from coronary heart disease
WHAT THIS STUDY ADDS
The strong general decline in mortality coronary heart disease has also benefited people with diabetes The more than twofold higher risk of dying from coronary heart disease in men and women with diabetes has persisted over time of several factors, including a reduced burden of risk factors, 13 20 lower incidence of acute myocardial infarction, [25] [26] [27] improved treatment in the acute phase of coronary events, 19 26 28 and longer survival resulting from aggressive secondary prevention. 25-27 29 The observation period of the present study coincides with changes in treatment. 13 20 28 29 Our study has some limitations. Diabetes was defined by self reporting but a substudy of the NordTrøndelag health study showed that self reported diabetes was correct in 96.5% of the cases. 30 From the start of the first survey to the end of follow-up after the second survey the prevalence of diabetes increased in the general population, although mean random glucose levels in people who reported diabetes were not substantially different in either survey. None the less, a proportion of people without diabetes at baseline probably developed the disease during follow-up. A change in the definition of death from coronary heart disease occurred from the first to the second follow-up periods. This should not affect the mortality ratio between people with and without diabetes during the same follow-up.
We found that during follow-up of mortality over two consecutive nine year periods, the risk of death from coronary heart disease was more than twofold higher in people with diabetes. Mortality rates decreased substantially in all age groups irrespective of sex and diabetes status, suggesting that people with diabetes have also benefited from the overall decline in mortality from coronary heart disease. was 31 years, and 38% were female. Table 1 shows mortality by species and time period.
The pattern of malaria species has changed over the study period. Reports of Plasmodium falciparum increased through the study period (linear regression: β=+27.4 notifications/year, P<0.0001); increases for P ovale and P malariae were less pronounced. In contrast, reports of P vivax declined over the study period (linear regression: β=−36.2 notifications/year, P<0.0001) (figure). The ratio of P falciparum to P vivax infections increased from 1. Travel to South Asia accounted for 8452 cases, 24.6% (24% to 25%) of imported malaria, of which 92% was P vivax. From 1987 to 1991, 3036 cases arose from the Indian subcontinent, accounting for 31% of all UK malaria. By 2002-6, this had decreased to 705 cases (8% of all UK malaria). Of cases in which the purpose of travel was reported, 89% of UK travellers visiting South Asia had done so to visit family and friends. People travelling for this reason were at significantly higher risk of acquiring malaria than other travellers (risk ratio of reported cases per 10 000 trips=7.9, 7.2 to 8.6; χ 2 P<0.0001). Of UK travellers with complete records (17 129), only 42% reported taking any form of chemoprophylaxis against malaria during their period of travel. People who had visited family in their country of origin were less likely to report the use of any prophylaxis than other travellers (Mantel-Haenszel odds ratio adjusted for age and sex=0. on prophylactic drugs for this region were made, only 7% of people visiting friends or relatives in their own or their families' country of origin reported having used recommended drugs, compared with 24% of people travelling for other reasons (χ 2 P<0.0001). Forty one per cent of all cases of malaria in the UK, and 65% of cases of P falciparum malaria, occurred in London residents or visitors to London, whereas most (68%) cases of P vivax were reported from other regions of the UK, notably the West Midlands.
Mortality data show that 183 deaths related to falciparum malaria occurred over the period of the study, giving an overall case fatality rate of 7.4 deaths per 1000 cases. Case fatality was significantly lower among people travelling from the UK to visit friends or relatives in their own or their families' country of origin than among people travelling for other reasons (0.25% v 1.9%; χ 2 =83.1, P<0.001).
DISCUSSION
This study of more than 39 000 cases of malaria imported into the UK shows striking trends. The great majority of malaria is acquired in Africa. P falciparum malaria has increased steadily; reported cases are not distributed evenly across the population but are concentrated in communities with frequent travel to see friends and relatives, especially in west Africa. Travellers to Nigeria and Ghana account for half of all imported falciparum cases. A minority of travellers with malaria report having used any prophylaxis, and much of that used is inadequate. Vivax malaria imported into the UK has dropped dramatically. Vivax malaria is also a disease of people visiting friends and relatives; most cases are in people who reside outside London.
Targeting messages tailored to groups visiting friends and relatives, especially in west Africa, is essential in primary care and public health. People visiting friends or relatives in their own or their families' country of origin may well expect to visit settings with a higher risk of transmission of malaria than other travellers and to do so for longer periods [1] [2] [3] ; that many do this without the benefit of effective antimalarial chemoprophylaxis, as these and other data suggest, 4-7 is of concern. Annual prevalence reports for malaria over the period of our study have documented modest declines in South Asia, smaller than that seen among UK travellers to the region. 8 One explanation might be that travellers visiting family in the region increasingly stay in urban settings where local control measures have been most effective in reducing local transmission of malaria. The risk-benefit assessment of the routine advice on chemoprophylaxis for South Asia may need to be re-examined, as has been the case for Latin America. 9 The advantages of large scale, prospectively collected data from surveillance centres collected in an unchanged, standardised way over long periods are clear, but limitations also exist. Under-reporting is inevitable, and laboratories and clinicians differ in the comprehensiveness of their reporting. Previous studies of data from the Malaria Reference Laboratory suggest that they are more complete than most other routinely collected data on malaria and in excess of 50% complete. 10 As the methods did not change over this period, under-reporting is unlikely to affect trends 
WHAT IS ALREADY KNOWN ON THIS TOPIC
Falciparum malaria is the most common potentially fatal tropical parasitic infection imported into the UK Increased travel to areas endemic for malaria means that increasing numbers of UK residents are at risk
Effective prophylactic and anti-mosquito measures are available
WHAT THIS STUDY ADDS
Imported falciparum malaria has been increasing over the past 20 years, but vivax malaria has been decreasing markedly Most malaria is in travellers visiting friends and relatives in their families' country of origin, especially in west Africa
Uptake of chemoprophylaxis is low in people who acquire malaria, especially travellers from migrant families, and tailoring health messages to migrant groups is a priority reported here. Reporting clinicians often did not report information about travel history and prophylaxis, but we found no evidence to suggest that cases with missing information were systematically different from those with complete reports. This study highlights the need to focus tailored messages on preventing malaria on members and descendants of migrant families visiting friends and relatives, especially in African migrant families. The UK has constantly updated guidelines to assist people advising travellers. 11 
